INTRODUCTION {#sec1-1}
============

Mean systolic blood pressure (BP) of more than 140 mmHg or above, mean diastolic pressure of 90 mm Hg or above, defines hypertension.\[[@ref1]\] Hypertension doubles the risk of cardiovascular diseases, including coronary heart disease, congestive heart failure, ischemic and hemorrhagic stroke, renal failure, and peripheral arterial disease. It is often associated with additional cardiovascular risk factors and the risk of cardiovascular disease increases with the total burden of risk factors.\[[@ref2]\] Poor adherence is associated with higher residual cardiovascular risk and a high health-care burden.\[[@ref3]\] In approximately half of the cases, uncontrolled hypertension has been attributed to patients failure to follow properly a prescribed drug regimen.\[[@ref4]\]

MATERIALS AND METHODS {#sec1-2}
=====================

This cross-sectional single-visit study was done in Aarupadai Veedu Medical College and Hospital, Puducherry, from May 2017 to October 2017. Informed consent was obtained from all patients before the study. All adult patients above the age of 18 years attending hypertension clinic in the department of General Medicine diagnosed to have hypertension according to JNC-7\[[@ref1]\] for at least 1 year were included in the study. Pregnant patients and those diagnosed to have secondary hypertension were excluded. Detailed information regarding age, number of drugs taken, duration of hypertension, smoking history, presence of diabetes, and presence of medication side effects was noted. Body mass index (BMI) was measured and inquiry about knowledge of BP goal (\<140/90 mmHg\[[@ref1]\] as per JNC-7) was made. BP (both systolic and diastolic) was measured using standard mercury sphygmomanometer in the right upper limb in sitting position. Adherence to hypertensive treatment was analyzed using modified medication adherence scale (MMAS)\[[@ref5]\] consisting of seven questions, derived from two different adherence questionnaires, the Hill--Bone adherence,\[[@ref6]\] in which three important behavioral domains of high BP treatment are assessed to BP scale and the 8-item Morisky Medication Adherence Scale,\[[@ref7]\] most commonly used to assess adherence of patients.

Each question in the MMAS has a 4-point response format. Each response carries a score: all the time = 1, most of the time = 2, some of the time = 3, none of the time = 4. Total scores of each patient are added. Total scores can extend from 7 to 28. Higher scores indicate good adherence to medication therapy. A full score of 28 or score of 27 (due to 1 point deducted from either question 1 or 6) was defined as adherence. A score of 26 or lower was defined as nonadherence.\[[@ref5]\]

RESULTS {#sec1-3}
=======

Age group of patients ranged from 40 to 76 years. There were 51 (34%) in the age group 30--49 years and 72 (48%) patients in the age group 50--59 years \[[Table 1](#T1){ref-type="table"}\]. Eighty-three patients were male and 67 were female. A total of 62 patients (41.3%) had knowledge of BP goal and 64 patients (42.7%) were treated with a single drug, 77 patients (51.3%) with two drugs, and 6% with three drugs. Diabetes was present in 22 patients (14.7%). Side effects due to medication were present in 22 (14.7%) and dizziness was the most common side effect reported. Smoking history was present in 20 (13.3%) patients. Mean duration of hypertension was 5.9 years. Mean BMI was 25.5 and mean systolic and diastolic BPs were 128.9 and 80.17, respectively \[[Table 2](#T2){ref-type="table"}\]. Based on the patient\'s responses to the MMAS scores, a total of 74 patients which included 49 males and 25 females were found adherent to treatment \[[Table 3](#T3){ref-type="table"}\].

###### 

Age distribution of patients studied

  Age (years)   Number of patients (%)
  ------------- ------------------------
  30-49         51 (34)
  50-59         72 (48)
  60-69         19 (12.7)
  ≥70           8 (5.3)
  Total         150 (100)

###### 

Mean and standard deviation of clinical parameters

  Clinical parameters        Mean±SD
  -------------------------- ---------------
  BMI                        25.587±1.872
  Duration of hypertension   5.9±2.618
  SBP                        128.907±4.155
  DBP                        80.173±2.741

SD=Standard deviation, BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic blood pressures

###### 

Adherence by sex of patients

  Sex      *n*   Mean adherence score   Adherers, frequency (%)   Nonadherers, frequency (%)
  -------- ----- ---------------------- ------------------------- ----------------------------
  Male     83    26.83                  49 (59)                   34 (41)
  Female   67    25.63                  25 (37.3)                 42 (62.7)
  Total    150   26.29                  74 (49.3)                 76 (50.7)

DISCUSSION {#sec1-4}
==========

To achieve desired clinical outcomes, medication adherence is the key.\[[@ref8]\] More than half of the patients (55.3%) were male in the present study. The age group of patients ranged from 40 to 76 years and mean age of the group was 52.84 ± 7.4. Among all patients, 68 (45.3%) had hypertension for \<5 years. Only 6 (4%) patients had a duration of hypertension for more than 10 years. Most patients (68.6%) were overweight with a BMI of more than 24.9. The most important reason for uncontrolled BP is nonadherence to hypertensive medication.\[[@ref9]\] Adherence estimates vary widely depending on the operational definition used.\[[@ref10]\] In our study, which is the first Indian study done using MMAS for hypertension, 74 (49.3%) patients were found adherent to treatment which included 49 males and 25 females. The adherence rate of the present study is similar to study done in Malaysia and Korea\[[@ref5][@ref11]\] which reported an adherence rate 0f 53.4% and 49.7%, respectively. 44.1% were found adherent to treatment in a Chinese study\[[@ref12]\] and 23.4% in another Indian study\[[@ref13]\] done using Morisky Medication Adherence Scale. The difference in adherence in these two studies may be due to varied sociodemographic pattern of the two countries.\[[@ref4]\] Males were found more adherent (59%) to treatment than females (37%) in the present study. This is in contrast to the previous Indian and Russian studies\[[@ref4][@ref13][@ref14]\] done using Morisky Medication Adherence Scale, where good adherence was noticed in females compared to males. However, a study done in the UK\[[@ref15]\] showed good adherence in males compared to females. Adherence rate was high among the age group 50--59 years (55.6%) as compared to those in the age group 40--49 years (52.9%) and poor adherence of 31.6% and 12.5% in the age groups 60--69 years and more than 70 years, respectively \[[Table 4](#T4){ref-type="table"}\]. Most common cause of nonadherence was forgetfulness followed by running out of medicines and improper intake during travel \[[Table 5](#T5){ref-type="table"}\]. A total of 55 (36.7%) had a full score of 28 in the adherence scale \[[Table 6](#T6){ref-type="table"}\]. Only 62 (41.3%) patients had a knowledge on BP goal and good adherence rate (82%) was observed among them compared to those without it (26%) reflecting the effect of education contributing to positive outcome \[[Table 7](#T7){ref-type="table"}\]. Majority of patients (69%) were on calcium channel blockers and only 16% were on diuretics \[[Figure 1](#F1){ref-type="fig"}\]. More than half of the patients (51%) were on two drugs while only 6% were on three drugs. Good adherence rate was observed in those on a single drug (60.9%) while it was 42.9% and 22.2% in those on two and three drugs, respectively, suggesting decreasing rate of adherence with increasing number of drugs \[[Table 8](#T8){ref-type="table"}\]. These results are similar to the studies done earlier.\[[@ref4][@ref9][@ref15]\] No particular drug class was associated with high adherence, as in the case of an earlier study.\[[@ref15]\] A previous study\[[@ref16]\] to assess the relation between drug class and adherence also showed similar results. [Table 9](#T9){ref-type="table"} shows logistic regression analysis. Odds ratio suggesting by what multiplicative factor odds of adherence to medication increase per unit change of predictor variable. There was no significant association between duration of hypertension, BMI, and adherence rate. Presence of side effects due to medication also did not alter the adherence pattern \[[Table 10](#T10){ref-type="table"}\]. Adherence rate among diabetics was slightly less (45.5%) than that of nondiabetic (50%) \[[Table 11](#T11){ref-type="table"}\]. Strong beliefs of the necessity of medications and threatening views of illness substantially contribute to positive medication adherence.\[[@ref17]\] Patients who were adherent to treatment had a lower mean values of systolic (77.8) and diastolic BP (125.6) as compared to nonadherers with values of 82.3 and 132, respectively, suggesting good control of hypertension associated with adherence \[[Table 12](#T12){ref-type="table"}\]. Good adherence improved hypertension control in our study, which was similar to a study done in Kolkata, India which showed good adherers had 1.71 times more chance of adequate control of hypertension compared to those who were nonadherent.\[[@ref18]\] However, in the previous study,\[[@ref18]\] patients with long duration of hypertension had a good adherence in contrary to the present study.

###### 

Adherence by age of patients

  Age category (years)   *n*   Mean adherence score   Adherers, frequency (%)   Nonadherers, frequency (%)
  ---------------------- ----- ---------------------- ------------------------- ----------------------------
  30-49                  51    26.49                  27 (52.9)                 24 (47.1)
  50-59                  72    26.49                  40 (55.6)                 32 (44.4)
  60-69                  19    25.37                  6 (31.6)                  13 (68.4)
  ≥70                    8     25.5                   1 (12.5)                  7 (87.5)
  Total                  150   26.29                  74 (49.3)                 76 (50.7)

###### 

Adherence scores in modified medication adherence scale

  Questions                                                                                          Adherence score, frequency (%)                          
  -------------------------------------------------------------------------------------------------- -------------------------------- ---------- ----------- ------------
  How often do you forget to take your medicine?                                                     0                                0          52 (34.7)   98 (65.3)
  How often do you decide not to take your medicine?                                                 0                                1 (0.7)    13 (8.7)    136 (90.7)
  How often do you miss taking your medicine because you feel better?                                0                                0          8 (5.3)     142 (94.7)
  How often do you decide to take less of your medicine?                                             0                                0          15 (10)     135 (90)
  How often do you stop taking your medicine because you feel sick due to effects of the medicine?   0                                0          4 (2.7)     146 (97.3)
  How often do you forget to bring along your medicine when you travel away from home?               4 (2.7)                          13 (8.7)   46 (30.7)   87 (58)
  How often do you not take you medicine because you run out of them at home?                        0                                14 (9.3)   50 (33.3)   86 (57.3)

###### 

Frequency distribution of adherers and nonadherers (*n*=150)

  Adherence score                                       Adherence status   Frequency, *n* (%)
  ----------------------------------------------------- ------------------ --------------------
  Full score (28)                                       Adherers           55 (36.7)
  27 (one point deducted from either question 1 or 6)   Adherers           19 (12.7)
  27 (one point deducted due to other questions)        Nonadherers        9 (6)
  23-26                                                 Nonadherers        62 (41.3)
  19-22                                                 Nonadherers        5 (3.3)
  7-19                                                  Nonadherers        0
  Total                                                 150 (100)          

###### 

Adherence by knowledge of blood pressure

  Knowledge of BP goal   *n*   Mean adherence score   Adherers, frequency (%)   Nonadherers, frequency (%)
  ---------------------- ----- ---------------------- ------------------------- ----------------------------
  Yes                    62    27.53                  51 (82.3)                 11 (17.7)
  No                     88    25.42                  23 (26.1)                 65 (73.9)
  Total                  150   26.29                  74 (49.3)                 76 (50.7)

BP=Blood pressure

![Distribution by drug group. ACEI-Angiotensin converting enzyme inhibitors, BB-Beta blockers, CCB-Calcium channel blockers, D-Diuretics, ARB-Angiotensin receptor blockers](PCR-10-163-g001){#F1}

###### 

Adherence by number of drug taken by patients

  Number of drug taken   *n*   Mean adherence score   Adherers, frequency (%)   Nonadherers, frequency (%)
  ---------------------- ----- ---------------------- ------------------------- ----------------------------
  1                      64    26.77                  39 (60.9)                 25 (39.1)
  2                      77    26.04                  33 (42.9)                 44 (57.1)
  3                      9     25.11                  2 (22.2)                  7 (77.8)
  Total                  150   26.29                  74 (49.3)                 76 (50.7)

###### 

Logistic regression for factors predicting medication adherence

  Predictor variables               OR      95% of CI      *P*
  --------------------------------- ------- -------------- -----------
  Age                               1.120   1.028-1.219    0.009\*
  Sex                                                      
   Male                             1.000   0.148-0.873    0.24\*
   Female                           0.359                  
  Number of drugs currently taken   2.555   1.146--5.694   0.022\*
  Presence of diabetes                                     
   Yes                              1.000   0.122--1.632   0.223
   No                               0.447                  
  Presence of side effects                                 
   Yes                              1.000   0.225--3.86    0.923
   No                               0.933                  
  Knowledge of BP goal                                     
   Yes                              1.000   0.024--0.158   \<0.001\*
   No                               0.062                  
  BMI                               0.842   0.645--1.101   0.209
  Duration of hypertension          0.949   0.78--1.156    0.604

\*Significant. OR=Odds ratio, CI=Confidence interval, BMI=Body mass index, BP=Blood pressure

###### 

Adherence by the presence of side effects in patients

  Presence of side effects   *n*   Mean adherence score   Adherers, frequency (%)   Nonadherers, frequency (%)
  -------------------------- ----- ---------------------- ------------------------- ----------------------------
  Yes                        22    25.55                  8 (36.4)                  14 (63.6)
  No                         128   26.42                  66 (51.6)                 62 (48.4)
  Total                      150   26.29                  74 (49.3)                 76 (50.7)

###### 

Adherence by the presence of diabetes in patients

  Presence of diabetes   *n*   Mean adherence score   Adherers, frequency (%)   Nonadherers, frequency (%)
  ---------------------- ----- ---------------------- ------------------------- ----------------------------
  Yes                    22    25.95                  10 (45.5)                 12 (54.5)
  No                     128   26.35                  64 (50)                   64 (50)
  Total                  150   26.29                  74 (49.3)                 76 (50.7)

###### 

Blood pressure in adherers and nonadherers

  Adherence status   Mean DBP±SD    Mean SBP±SD
  ------------------ -------------- --------------
  Adherers           77.89±1.361    125.68±2.71
  Nonadherers        82.39±1.1729   132.05±2.612
  Total              80.17±2.741    128.91±4.155

SD=Standard deviation, SBP=Systolic blood pressure, DBP=Diastolic blood pressures

CONCLUSION {#sec1-5}
==========

MMAS is a simple and useful tool for assessing medication adherence among hypertensive patients. Good adherence is the cornerstone for optimum control of BP. Overall medication adherence in the present study was 49.3%. Hypertensive patients on multiple drugs have poor adherence. Knowledge on the level of BP goal is associated with good adherence.
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